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Chapter 1
Editors’ Introduction
Xuejie Bai, Knox Lovell and Ruizhi Pang
1 Background
1.1 Background for the Volume
The transitional growth experience China is undergoing, with its emphasis on
reducing the energy intensity of the economy while maintaining satisfactory rates of
economic growth, is one of the most important research topics concerned with the
performance of China’s economy. The Nankai research group on efﬁciency and
productivity, located in the College of Economic and Social Development at
Nankai University, is one of the ﬁrst research teams engaged in the study of the
efﬁciency and green productivity growth of China’s economy. Since 2006 the
Nankai research group, which includes scholars in industrial economics, regional
economics and green logistics, has achieved fruitful research outcomes.
A measurement framework for China’s green growth experience has been pro-
posed, including an appropriate GDP growth rate and measures of energy saving,
low pollution and low carbon emissions. Such green growth can be achieved
through economic reform and innovation oriented to improve China’s efﬁciency
and productivity, inclusive of its economic resources and its energy use and
composition, and its conventional GDP and its emissions and other environmental
impacts. In addition to these efforts, the Nankai research group has formed strong
partnerships with scholars overseas who are interested in the transitional growth
performance of China’s economy.
X. Bai  R. Pang (&)
Nankai University, Tianjin, China
e-mail: prz0525@nankai.edu.cn
K. Lovell
University of Queensland, Brisbane, Australia
© Springer Nature Singapore Pte Ltd. 2018
R. Pang et al. (eds.), Energy, Environment and Transitional Green
Growth in China, https://doi.org/10.1007/978-981-10-7919-1_1
3
The Nankai research group has actively participated in a range of international
conferences related to economic development. It hosted the Conference on
Industrial Development and Industrial Efﬁciency across the Taiwan Strait in 2008,
2010, and 2013. In addition, several members of the Nankai research group par-
ticipated and delivered presentations at the Asia-Paciﬁc Productivity Conference
(APPC) in 2006, 2008, 2010 and 2014, and the European Workshop on Efﬁciency
and Productivity Analysis (EWEPA) in 2007 and 2009. A wide range of topics
related to the measurement and estimation of efﬁciency and productivity, and their
roles as important drivers of economic and industrial development, were the focus
of academic discussions.
In July of 2015, Professor Knox Lovell (University of Queensland, Australia),
Professor Robin Sickles (Rice University, USA), Professor Cliff Huang (Vanderbilt
University, USA) and Professor Tsutan Fu (Soochow University, Taiwan), were
invited by Nankai University to host a workshop for advanced research methodology
in the ﬁelds of efﬁciency and productivity, further internationalizing the ﬁelds of the
study at the Nankai research group. In July of 2016, with the support of Professor
Knox Lovell, Professor Cliff Huang and Professor Tsutan Fu, the Nankai research
group successfully hosted APPC2016, the ﬁrst Asian-Paciﬁc Productivity
Conference hosted in China. APPC2016 was attended by over 120 scholars and
experts from more than 20 countries around the world, including Australia, USA,
Canada, England, Germany, Italy, Japan, South Korea, Malaysia, Thailand, Hong
Kong and Taiwan. Since it was the ﬁrst APPC to take place in China, it attractedmany
participants from Chinese universities, and the main topics were selected to focus on
the efﬁciency, productivity and green composition of China’s economic growth.
We believe the focus of efﬁciency and productivity, including the green com-
ponent of both, of China’s economic growth experience is not only important to the
economic development of China as it transitions from one growth model to another,
but also in light of China’s sheer economic size, to the long-term health of world
economic development. Considering that APPC2016 was the ﬁrst such event held
in China, as the host, we feel obligated to continue the study of China’s economic
development. This is the background of this collection of research. In addition, the
Centre for Efﬁciency and Productivity (CEP) in Nankai University has been newly
established, and we consider this monograph to be a good gift for CEP with the
website http://cep.nankai.edu.cn.
1.2 Background on China’s Economic Growth Model
and Its Transition
Between 1978, the year when China started its economic reform and 2008, China
experienced nearly 30 years of uninterrupted high-speed economic growth, which
was regarded by many as “the Chinese miracle.” However, accompanying the fast
economic growth was a huge consumption of energy, depletion of natural resour-
ces, and continuous deterioration of the ecosystem. For approximately the ﬁrst
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decade of the 21st century China’s domestic economic policy continued to
emphasise energy-intensive rapid growth based on capital investment and expan-
sion of heavy industry and exports. During this decade China’s GDP grew by
roughly 10% per year, primary energy consumption increased proportionately, and
carbon dioxide emissions grew by about 8% per year (see Figs. 1.1, 1.2 and 1.3 for
the post-1978 history). At about 2007 China became the world’s largest contributor
to global greenhouse gas emissions. (Sources: Chinese Statistics Yearbook, 1980–
2016, Chinese Energy Statistics Yearbook, 2009–2015, and Chinese Environment
Statistics Yearbook, 2009–2015).
Beginning in 2008 the world economy declined sharply as a result of the global
ﬁnancial crises initiated by the subprime mortgage crisis in the US, before recov-
ering only recently. With this background, China’s development model of reliance
on heavy industry, exports and capital investment met with serious challenges. The
subsequent decline in exports and downward trend in capital investment both
contributed to a signiﬁcant slowdown in China’s economic growth. Both of the
changes that have taken place globally and domestically constitute an opportunity
for China to transform its growth model from a rapid growth energy- and
resources-intensive economy driven by investment and exports to a slower growth
energy- and resources-saving economy driven largely by domestic consumption.
The transition can be enhanced by raising the efﬁciency and productivity of
resources, energy and management.
Beginning with the 12th Five Year Plan (2011–2015), China’s domestic eco-
nomic policy transitioned to a “New Normal” approach to economic development
involving slower growth with an emphasis on domestic services and consumption
and reduced energy intensity. Economic growth has slowed to 7–8% per year, and
the growth in primary energy consumption and greenhouse gas emissions has
slowed dramatically. The energy intensity and carbon intensity of GDP have both
Fig. 1.1 Energy consumption and GDP
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declined. The trends can be seen from international comparisons with other
countries depicted in Figs. 1.4, 1.5 and Table 1.1. (Sources: The World Bank,
https://data.worldbank.org/indicator) In 1995 China’s energy intensity was 14.
23 MJ/$GDP (2011 PPP), nearly 2.7 times that of Japan and 1.7 times that of the
U.S. By 2014 China’s energy intensity had declined to 8.68, just 1.8 times that of
Japan and 1.3 times that of the U.S. China’s relative energy efﬁciency increased
substantially, although its absolute efﬁciency is still not high. As for its CO2
emissions intensity, China also experienced a big decline from 1.07 kg/$GDP
Fig. 1.2 CO2 emissions and GDP
Fig. 1.3 Industrial waste gas and GDP
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(2011 PPP) in 1995 to 0.59 kg/$GDP (2011 PPP) in 2014, decreasing nearly 50%
of that in 1995. Hu (2016) surveys the environmental objectives and impacts of the
ﬁve most recent ﬁve year plans, concluding with the 12th Five Year Plan.
An important driver of these domestic changes has been an increased role for
market mechanisms in the allocation of resources. Market-based environmental
policies such as environmental subsidies and taxes and emissions trading schemes
have been implemented in an effort to meet environmental targets as efﬁciently and
cost-effectively as possible, as emphasised by Wang et al. (2015, 2017), Zhang
(2015) and Gu et al. (2016), among others. Part of the impetus for the enactment of
market-based policies is a growing awareness by Chinese citizens of the adverse
impacts of air, water and land pollution on human health and prosperity (Yang and
Feng 2017) and an acknowledgement that road transport is a major source of air
pollution (Kishimoto et al. 2017).
The recent history is chronicled in great detail, with policy recommendations, in
a pair of reports issued by the China Council for International Cooperation on
Environment and Development (CCICED), “Evaluation and Prospects for a Green
Transition Process in China” and “Progress in Environment and Development
Policies in China and Impact of CCICED’s Policy Recommendations”, available at
the link provided at the end of this chapter.
From the ﬁrst year of 13th Five Year Plan (2016–2020), China has enacted very
restrictive environmental protection policies, and thousands of industrial plants and
coal-ﬁred boilers that failed to meet the new emissions targets are obliged to close
down. The serious problem of air pollution in the Beijing-Tianjin-Hebei area has
been addressed, in part by implementation of the aforementioned emissions trading
scheme. Air pollution originating in road transport is to be reduced by removing
millions of high-emission vehicles and by greatly expanding the electric vehicle
market. By the end of the plan, the energy intensity of GDP is to be reduced by 15%
from 2015 levels, and the carbon intensity of GDP is to be reduced by 18%,
principally through a shift in the energy mix away from fossil fuels and toward
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greenhouse gas emissions are to be reduced by 18% from 2015 levels. This pro-
vides a strong indication of the intention of China’s central government to adjust its
economic growth model. Seligsohn and Hsu (2016) survey the intended impacts of
the 13th Five Year Plan on the environment.
In conjunction with its greener domestic economic policy, China has modiﬁed
its international approach to climate change and global warming. At the Paris
Conference of the Parties in 2015 China committed to peaking its total greenhouse
gas emissions by around 2030, reducing the carbon intensity of GDP by about
two-thirds from its 2005 level, reducing the share of fossil fuels in primary energy
consumption, and increasing its forest coverage (Center for Climate and Energy
Solutions 2015). China has also begun playing a constructive role in international
climate negotiations. China was an early signatory to the Paris Agreement in April
2016, it ratiﬁed the Agreement in September 2016 and the Agreement entered into
force in November 2016. China’s involvement on the international front is sum-
marised by Gao (2016) and updated frequently on the China Climate Change
Info-Net (http://en.ccchina.gov.cn/index.aspx).
Fig. 1.5 International comparison of carbon intensity
Table 1.1 International comparison of energy intensity and carbon intensity
Year Energy intensity unit: MJ/GDP ($2011
PPP)
Carbon intensity
unit: kg/GDP ($2011 PPP)
China Japan Germany The
U.S.
China Japan Germany The
U.S.
1995 14.23 5.28 5.10 8.23 1.07 0.29 0.31 0.49
2000 10.23 5.31 4.64 7.34 0.73 0.28 0.27 0.44
2005 10.28 5.02 4.51 6.60 0.79 0.27 0.26 0.39
2010 8.68 4.74 4.12 6.07 0.69 0.26 0.23 0.35
2014 7.43 4.09 3.63 5.63 0.59 0.26 0.20 0.32
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With this background, we expect this volume to contribute to a continuing
chronicling of the development of China’s economy during the green transition
period, and also to spur additional policy-relevant research into economic growth
patterns that are both economically productive and environmentally friendly.
2 Part I: The Expert Overviews
The three chapters in Part I provide authoritative, and frequently opinionated,
surveys of and original contributions to three important research areas directly
related to a simultaneous analysis of economic and environmental performance. In
Chap. 2 Zhou analyses the construction of meaningful composite indicators and the
properties they should satisfy, with an emphasis on indicators of environmental
sustainability. In Chap. 3 Førsund provides a wide-ranging treatment of the con-
struction of meaningful analytical models of joint production that generate envi-
ronmental externalities and that satisfy the materials balance condition. In Chap. 4
Zhou shows how to analyse environmental performance, not of widely studied
production activities but of rarely studied but equally important consumption
activities.
2.1 Chapter 2
Against a backdrop of the causes and consequences of global warming and climate
change, Zhou and Zhang summarise recent state-of-the-art methodological devel-
opments underlying the construction of meaningful composite indicators. The
authors pay special attention to the development of indicators created for the
assessment of sustainable development and their subsequent use in policy analysis
and decision making. Underlying the concept of sustainable development are cli-
mate change, environmental pollution and natural resource depletion.
Many such composite indicators exist, three of the most popular being the
Ecological Footprint, the Environmental Sustainability Index and the
Environmental Performance Index. The objective of each is to aggregate numerous
diverse individual component indicators having different units of measurement and
different ranges or scales into a single coherent aggregate composite indicator.
Aggregation requires assigning weights to each component indicator that reflect
their relative importance. The authors develop and evaluate alternative aggregation
procedures, which they categorize as exogenous methods (in which weights are
determined prior to the construction of the composite indicator, either arbitrarily or
by expert judgement), endogenous methods (in which weights are determined
simultaneously with the construction of the composite indicator by the behaviour of
the individual component indicators themselves) and hybrid methods. After eval-
uating the strengths and weaknesses of alternative methods, the authors provide a
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menu of challenges for future work on composite sustainability indicators, and an
extensive, up-to-date list of references spanning a number of disciplines.
2.2 Chapter 3
Førsund also uses global warming and climate change to motivate an investigation
into the modelling of production activities that combine primary inputs with
materials inputs to produce intended outputs and also generate unintended
by-products, or residuals. A prominent example involves the use of fossil fuels to
generate electricity and also carbon dioxide emissions that contribute to global
warming.
A meaningful joint production model must incorporate four sets of variables:
service inputs, such as capital and labour; materials inputs, such as coal and gas;
intended outputs, such as electricity and steel; and unintended by-products, such as
ground- and surface-water pollution and greenhouse gas emissions. The model
must include two sets of equations: one for the production of the intended outputs
and the other for the generation of the unintended by-products. The two sets of
equations are not independent, but linked, since changes in inputs must generate
changes in both intended outputs and unintended by-products. The model must
satisfy a number of properties, the most important being the materials balance
condition, which states that mass contained in the materials inputs cannot disappear
during the production process, but must appear either in the intended outputs or the
unintended by-products. Until recently this condition was ignored in much of the
economics and operations research literature devoted to the measurement of envi-
ronmental efﬁciency and productivity.
Førsund considers the measurement of efﬁciency, overall and environmental,
within the complete model, by converting equations to weak inequalities, and he
also considers alternative approaches to regulation of the unintended by-products.
Throughout he incorporates a rich history of thought on the topics he considers, and
his list of references ranges from Jevons, Pigou and Frisch up to the present day.
2.3 Chapter 4
Whereas Førsund examines the generation of unintended by-products of production
activities, Zhou examines an equally widespread phenomenon that for some reason,
the data constraint perhaps, has rarely been studied: the generation of unintended
by-products of consumption activities. The problem of consumer-driven external-
ities was examined most prominently by Pigou and Coase, but the problem has
been largely ignored in the environmental performance literature. A prominent
example, which Zhou studies empirically, is driving a car, a consumption activity
that combines resources and energy to provide transportation services and residual
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air pollution. This activity, which might be called joint consumption in parallel with
the joint production activity studied by Førsund, is of increasing concern in China
and elsewhere.
The concept of productivity change, the ratio of an index of output quantities to
an index of input quantities, is widely studied, at the aggregate economy level, at
the industry level, and at the level of individual ﬁrms or plants. The concept has
been generalised to incorporate unintended by-products, which has led to a variety
of environmental productivity indices. Zhou applies the concept of an environ-
mental productivity index to the consumption of passenger car services. In his
simpliﬁed model, engine power and curb weight combine to jointly produce
transportation services and carbon dioxide emissions. Using data from Finland, he
ﬁnds environmental productivity growth of over 3% per year since the turn of the
century. He attributes virtually all environmental productivity growth to improve-
ments in technology, as manufacturers have produced more environmentally
friendly cars.
The real value of Zhou’s contribution lies not productivity developments in
Finnish automobiles however, but in three areas: (i) highlighting a phenomenon,
environmental productivity change in consumer durables, that deserves further
research; (ii) emphasising the need for more data on the environmental impacts of
consumption activities; and (iii) developing an analytical framework capable of
supporting empirical work in the area. As a ﬁnal thought, Zhou’s work may use-
fully be related to the “home production” literature associated with Gary Becker,
recipient of the 1992 Nobel Prize in Economic Sciences.
3 Part II: Studies in Energy and Environment
Chapters 5–11 explore a wide range of topics concerning energy utilization and its
environmental impacts. Five chapters discuss China’s experience, and the two
chapters that examine the experiences of OECD countries are likely to have insights
of relevance to China’s experience. Chapters 5–9 all use Chinese provincial data to
explore a variety of issues related to energy use. Chapters 10 and 11 also explore
energy use, but with aggregate data from OECD countries.
In Chap. 5 Li, Wang, Zou and Tamayi search for the sources of a decade of
serious power shortages in China. One obvious potential source is waste, or
operational inefﬁciency, which they reject, using both parametric and
non-parametric methods. They also reject underinvestment as a source. They ﬁnally
settle on a sort of market failure hypothesis brought on by a gap between the market
price of coal and the government-imposed price of electricity, which induced
management to reduce capacity utilisation, leading to power shortages.
In Chap. 6 Deng, Pang and Fan, and in Chap. 7 Xian and Wang, use different
analytical frameworks to examine alternative aspects of the same problem:
uncovering the relationship linking fossil fuel use and greenhouse gas emissions
across Chinese provinces. The ﬁrst team uses a zero sum gain version of data
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envelopment analysis to contrast actual emissions with exogenous administrative
emissions reduction targets embodied in the 11th Five Year Plan and endogenous
emissions reduction targets generated by their analytical framework.
Unsurprisingly, they ﬁnd large differences between the two allocation schemes,
which they attribute to the inefﬁciency of the administrative targets. The second
team examines a measure of environmental productivity change and its compo-
nents, and trends in the shadow price of CO2 emissions, in a framework in which
inputs, including coal equivalents, produce electricity and CO2 emissions. They
ﬁnd productivity decline, except in the western region, and a doubling of the
shadow price of CO2, with wide variation across regions. Both studies provide a
basis for optimism. Inefﬁcient administrative allocation schemes can be improved,
and regional variation in shadow prices allow for efﬁciency-enhancing reallocation,
as may happen when China’s new emissions trading scheme gets underway.
In Chap. 8 Hu and Chang compare total efﬁciency and energy efﬁciency across
China’s provinces, using a context-dependent analytical framework in which
inputs, including coal equivalents, produce GDP and SO-2 emissions. Total efﬁ-
ciency treats all inputs as variable, while energy efﬁciency treats all inputs except
coal equivalents as quasi-ﬁxed. The authors ﬁnd inter-regional variation in both
types of efﬁciency, but the nature of the variation differs geographically, with
efﬁcient provinces by one efﬁciency measure tending to be inefﬁcient by the other.
In Chap. 9 Li and He ask whether Chinese economic growth has been environ-
mentally friendly, examining trends in the environmental performance of Chinese
cities rather than provinces. In their analytical framework inputs, including energy,
produce gross output and three undesirable by-products, waste dust emission, waste
gas and waste water. In one exercise they maximise the desirable output, and in the
other they minimise the three by-products. The authors ﬁnd an upward trend
through time in the average efﬁciency of producing the desirable output, and a
somewhat less pronounced upward trend through time in the average efﬁciency of
reducing the three waste by-products. They also ﬁnd wide geographic dispersion in
both efﬁciency measures. They discuss these ﬁndings and more against a back-
ground of China’s 12th Five Year Plan aimed at enhancing green economic growth.
In Chap. 10 Kang uses a stochastic cost frontier framework in a creative manner,
as a way of investigating the abilities of OECD countries to maximise environmental
efﬁciency, by attempting to minimise CO2 emissions, given desirable outputs and
inputs, one of which is fossil fuel use. A second stage is devoted to the estimation of
energy efﬁciency, as the ratio of minimum fossil fuel use to actual fossil fuel use,
controlling for other inputs and outputs. Results indicate considerable inefﬁciency of
both types. In Chap. 11 Lu, Hsieh, Chiu and Lin use a meta-frontier framework
based on dynamic data envelopment analysis to investigate the use of new forms of
green energy, by estimating green energy efﬁciency and green energy performance
of OECD countries. In their model new energy is one of three inputs used to generate
CO2 emissions and a carry-over output, total revenue. The main ﬁnding is a wide
variation in green energy efﬁciency between the top-ten and bottom-ten countries.
Once again it is possible to draw an optimistic conclusion from both studies: there is
much room for improvement in energy usage performance.
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4 Part III: Studies in Transitional Growth
Chapters 12–15 use a wide range of empirical techniques to explore a similarly
wide range of topics related to China’s transitional growth experience, with
emphasis on its environmental impacts. Chapters 12 and 13 take different
approaches to the analysis of the crucial role of environmental innovation as a
driver of the magnitude and structure of economic growth. Chapters 14 and 15
explore the roles of two dimensions of international trade, the regional allocation of
foreign direct investment into China and the emissions embodied in exports from
China.
In Chap. 12 Bai and Li ﬁnd that technical progress has been biased in a
capital-using direction in Chinese industry. While they do not incorporate an energy
input or an environmental by-product, depending on complementarities between
future capital investment and energy usage, their ﬁndings have potential implica-
tions for the environmental nature of transitional growth in Chinese industry and for
the desirability of market-oriented reforms. In Chap. 13 Xie divides innovation into
green and traditional components and examines the impacts of each type of inno-
vation on a creative indicator of the greenness of economic growth apparently
introduced by Xie et al. (2017). The ﬁnding that green innovation is a driver of both
the magnitude and the green-ness of economic growth is perhaps unsurprising, but
the ﬁnding that traditional innovation does not have a positive impact is surprising,
and receives an interesting explanation.
In Chap. 14 Li, Guo, Guo and Liao examine the impacts of foreign direct
investment from two sources, overseas and non-overseas Chinese regions, on the
sustainable development of Chinese regions, in which “sustainable” encompasses
three dimensions, economic, environmental and social. Selection of proxies for the
three dimensions is creative, and the ﬁndings suggest that the regional pattern of
both sources of foreign direct investment has been suboptimal from a sustainability
perspective. In Chap. 15 Zhang and Wei reverse directions and analyse Chinese
exports from both economic and environmental perspectives. They do so by cal-
culating the domestic value added and emissions content of Chinese exports. They
ﬁnd an increase in the value added of exports combined with a reduction in the
pollution intensity of value added exports, implying an improvement in the envi-
ronmental efﬁciency of export production. They also conduct a decomposition
analysis of gaps in the pollution intensity of value added exports between China and
other large economies, which they attribute largely to a combination of a dirtier
domestic production technology and a cleaner export structure.
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